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Abstract 

Background: Displaced fracture of the femoral neck has been a common clinical problem, especially in aged patients. 
However, the optimal treatment choice remains controversial. The purpose of this study is to conduct a systematic review of 
randomized clinical trials assessing the results of hemiarthroplasty and total hip replacement in patients undergoing either 
alternative using meta-analysis. 

Methods: A literature search for randomized clinical trials was conducted through IVledline, Embase and Cochrane library 
between 1969 and 2013 with no restrictions. Additional relevant articles were referred as source of information by way of 
manual searches on major orthopedic journals. Upon the search, two authors independently evaluated study quality and 
relevant data was extracted. 

Results: A total of 8 studies with 983 patients were included in this meta-analysis. After pooling the available data, a 
significant dominance of Harris hip score was found for total hip replacement compared with hemiarthroplasty (SMD: 
-7.11, 95%:-10.70,-3.53) one year postoperatively and the advantage kept over (SMD: -6.91, 95%:-12.98, -0.85) two 
years after surgery. A trend toward a higher dislocation rate was found in total hip replacement group (RR: 0.46, 95%: 0.21, 
1.02), of which the difference was considered insignificant. The risk of revision in group hemiarthroplasty appeared to be 
more than two folds higher than that after total hip replacement (RR: 4.14, 95%CI: 2.09, 8.19). 

Conclusion: Even though there is a higher rate of dislocation after total hip replacement, this disadvantage could be 
accounted for, on the basis of a better functional score and the lower revision rate. However, from the results, it stands to 
reason that total hip replacement should be strongly suggested in elderly active patients with femoral neck fracture. 
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introduction 

Displacement of femoral neck (fracture) in the elderly has 
become a worldwide health concern. The trend of rise in incidence 
with increasing age is alarming, and it is predicted that the total 
number of patients suffering femoral fracture would rise to 6.26 
million per year by 2050 worldwide [1]. Treatment choices for 
femoral neck fractures in elderly patients include internal fixation, 
hemiarthroplasty (HA) and total hip replacement (THR). The 
option should be determined by the fracture typing, the patients' 
condition, functional demands and their medical and mental 
ability to cope with surgery [2,3]. Currently, the optimal initial 
treatment of choice osteosynthesis which resulted in nonunion or 
avascular necrosis is fast given way to arthroplasty. It is 
recommended that Osteosynthesis should be favoured in young 
patients with displaced intracapsular fractures [4], relative to 



elderly patients who are medically fit for arthroplasty [5]. 
Arthroplasty is commonly used either as hemiarthroplasty or total 
hip arthroplasty. Although both two prosthetic replacement 
methods are widely accepted, the preferred treatment for displaced 
intracapsular fracture in elderly patients is currently of subject of 
debate among orthopedic surgeons. Theoretically, the results from 
previous prospective studies and meta-analysis [6,7] which 
comparing the outcome of hemiarthroplasty and total hip 
replacement in patients with fracture of the femoral neck have 
equally been inconsistent. The purpose of this study is to evaluate 
the evidence from previous randomized clinical studies by 
summarizing it quantitatively with a meta-analysis approach. 
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Methods 

Search Strategy 

Computer literature search was conducted in Medline, Embase 
and Cochrane databases without special limitations, and articles 
alu'ad of publication were also included. The following Medical 
Subject Headings (MeSH) and terms were used in searching: 
"femoral neck fracture", "hip fracture", "arthroplasty", "total hip 
replacement", "prosthesis replacement" and "elderly". Moreover, 
keywords in headers and abstracts in related journals were also 
used in the searches (e.g. Journal of Bone and Joint Surg). The 
reference list of each comparative study and previous reviews were 
hand searched to find additional studies. If the necessary data for 
analysis was absent or insufficient, we tried to contact the authors 
by e-mail. AH processes in this review were in accordance with the 
standards of quality for meta-analysis [8] . 

Eligibility Criteria 

Citations selected from the primary search were screened for 
eligibility by two independent authors. We included the studies if 
they met all following criteria: 1 age >55 years; 2 displaced hip 
fracture (Garden III, IV); 3 mental health and independent 
walking prior to the fracture; 4 the intervention included 
hemiarthroplasty or total hip replacement regardless of whether 
internal fixation was compared in the trial; 5 pathologic and old 
fractures, patients with advanced rheumatoid arthritis or meta- 
static diseases were excluded. A controversy was cross-checked and 
resolved by a third author to reach a final consensus. This was 
done primarily to exclude experimental bias as much as possible 
thereby improving consistency. 

Data Extraction 

Data were extracted independendy by two authors subsequendy 
after all the eligible studies were recruited. The following variables 
were recorded: last name of the first author, country where the 
study was performed, year of publication, participant sex and age, 
sample size, surgical approach. Outcome measurements including 
hip function (Harris hip score), revision (reasons) and dislocation 
rate and some parameters about the surgery (e.g. duration of 
surgery, blood loss, transfusion) were also recorded in detail. 

Statistical Analysis 

Study-specific RR (relative risks) and associated 95% (CI) 
confidence intervals accounting for discontinuous variables within 
the study were pooled using a random-effects model, which 
considered both within-study and between-study variation. Stan- 
dardized mean difference (SMD) or weighted mean difference 
(WMD) were used for continuous variables for which a fixed effect 
model was used initially, and if the P value of heterogeneity test 
was < 0.1 or I^>50%, the random effect model replaced the 
previous modality. 

Statistical heterogeneity among studies was evaluated by both 
of test [9] and I^ test [10]. Sensitivity was performed to evaluate 
the stability of the results. Subgroup analysis was conducted if the 
data was present. 

An estimation of potential publication bias was assessed by the 
funnel plot, in which the SE (standardized effect) of log (RR) of 
each study was plotted against its log (RR). The result was assessed 
by the method of Egger's linear regression test, a linear regression 
approach to assess asymmetry on the natural logarithm scale of the 
RR. All statistical analysis were performed with STATA software 
(version 11.1; Stata Corporation, College Station, Texas) and 
Review Manager (version 5.0.0 for Windows, The Cochrane 
Collaboration, The Nordic Cochrane Centre, Copenhagen, 2008). 



Literature Search 

A flow chart of the studies recruited in our review was shown in 
Figure 1. We identified 163 potential citations (112 from Pubmed; 

26 from Embase; 1 1 from the Cochrane Randomized Trials 
Databases; and 14 from relevant journals) aiming at comparing 
hemiarthroplasty and total replacement for the treatment of 
femoral neck fracture in elderly patients. After reading the articles, 
as well as communicating with the first author to get additional 
studies or data, 12 of the 163 citations were selected for 
application. Four studies belonging to the same institution were 
conducted with different follow-up and only the recent studies 
were selected. As a result, eight articles including a total of 983 
patients (526 in the hemiarthroplasty group and 457 in the total 
hip replacement group) were used in the final analysis (details 
shown in Table 1). 

Study Characteristics 

The eight studies on arthroplasty (hemiarthroplasty and total 
hip replacement) were published between 2000 and 2013 (Table 1). 
Out of the eight studies, three were conducted in the United 

Kingdom, the other five trials were completed in USA, Holland, 
Germany, Italy and Sweden respectively. At baseline, there were 
no significant differences between the groups of hemiarthroplasty 
and total hip replacement. 

AU eight trials have adequate sequence generation for random- 
ization. Allocation concealment by either a sealed-envelope 
technirjue [11,12] or computer automation based distribution 
[13,14] was performed in four studies while the remained four 
were unclear [15-18]. In terms of blinding, it was "unclear" for 
four trials, "no" for two [11,15] and "yes" for two [14,16]. All the 
randomized trials were free of selective reporting. Whether these 
eight trials were free of other elements of bias could not be found. 

Results 

Harris hip score 

HSS at 3 m, 6 m, 1 y, 2 y, 3 y and 5 y postoperatively were 
recorded and comparison between group HA and THR based on 
the available score 1 y and 2 y after surgery was performed. A 
greater likelihood of higher Harris hip score was observed in the 
total hip replacement group compared to the hemiarthroplasty 
group (SMD: -7.11, 95%:- 10.70,-3.53). This dominance kept 
over time (SMD: -6.91, 95%:- 12.98, -0.85) two years after 
surgery. Both results demonstrated significant differences. 

Dislocation rate 

Six studies provided information about dislocation. The Review 
Manage Software will exclude the categorical variables automat- 
ically if the value of incidence is 0% in both groups. Except one 
study in which no dislocation occurred in either group, a total of 5 
studies with 691 patients were included for analysis. A trend 
toward a higher dislocation rate was found in total hip 
replacement group (RR: 0.46, 95%: 0.21, 1.02) with a low 
heterogeneity (f = 14%, p = 0.32) Figure 2. 

Revision rate 

Based on the five studies providing a\'ailal)k' data, tlu' risk of 
revision in group hemiarthroplasty appeared to be more than two 
folds higher than that after total hip replacement (RR: 4.14, 
95%CI: 2.09, 8.19)witii a low heterogeneity (I^= 19%, p = 0.30) 
Figure 3. Reasons for revision surgery in HA group were erosion 
78.1% (25/32), peri-prosthetic fracture 9.4% (3/32), acetabulum 
osteoartiiritis 3.1% (1/32) and deep infection 9.4% (3/32). While 
in THA group, infection, femoral stem subsidence, acetabulum 
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Figure 1. Flow chart of the studies recruited in this meta-analysis. 
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osteoarthritis and dislocation occupied 36.4% (4/ 1 1), 9. 1 % (1/1 1), 
9.1% (1/11) and 45.5% (5/11) respectively. 

Discussion 

The goal of any surgical treatment for elderly and independent 
patients with displaced fractures of the femoral neck is to return 
them as quickly as possible to pre-injure functional status as well as 
minimize the risk of dislocation or reoperation. Total hip 
replacement and hemiarthroplasty are two primary treatment 
choices for those patients and each of these methods has its 
associated advantages and disadvantages. 

Two meta-analysis [6,7] evaluated the optimal type of 
arthroplasty before this study was initiated. Both studies concluded 
that total hip replacement was associated with a better overall 
result compared to hemiarthroplasty in the management of elderly 
patients, but it remained to be further confirmed, due to 
insufficient evidence backing the claim. An obvious limitation of 
their studies was that the conclusion was based on relatively small 
studies. This current meta-analysis summarized the results of 
randomized controlled trials, including eight randomized clinical 
studies on hemiarthroplasty and total hip replacement with a total 
of 983 patients. This meta-analysis up to now is associated with the 
largest number of patients. The results indicated that total hip 
replacement had a potential advantage on the whole, compared to 
hemiarthroplasty. 

Harris hip score 

As one of the most important measurement tools, Harris hip 
score was used to investigate the living status of patients. From 
three independent studies [14,18,19], we extracted that hip 



function reached its peak one year after surgery. Our result 
favored the total hip replacement because hip function improved 
significandy compared to the hemiarthoplasty group within lyear 
and 2year after surgery. Cadossi et al noted from 3 m to 3 y 
postoperatively, the higher HHS transferred from HA to THR 
and the dominance of THR seemed to be increasingly evident. 
Similar result was reported by Hedbeck with the same duration of 
follow-up (Table 2). Avery et al [17] showed the functional score 
had declined in both groups between three and nine years and the 
dominance in the THR group had also decreased nine years after 
surgery as a result of the older age, prosthetic degeneration and 
other complications. Hemiarthroplasty was often accompanied 
with acetabular erosion and protrusion particularly in young 
patients under 60 years [17,20]. According to our analysis, erosion 
accounted for 78. 1 % revision surgery of patients in HA group 
while no erosion case was found in THP group. Theoretically, 
acetabular erosion was associated with hip pain and poor function. 
This phenomenon would be increasingly apparent with the longer 
follow-up. 

Dislocation rate 

Dislocation of the prosthesis has been the major concern after a 
primary total hip replacement [19,21]. We tried to find a 
relationship between surgical approach and dislocation. However, 
it was impossible as mixed surgical approaches were used in each 
group. A higher rate of dislocation was reported previously in total 
hip replacement [16,18]. In patients using a posterolateral 
approach during the surgery, reported incidence of dislocation 
ranged between 13% to 22% [18,22-24]. Potential risk factors 
leading to dislocation include component design, operative 
approach, and around soft-tissue tensioning [25]. In our series. 
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Figure 2. Statistical analysis of dislocation between HA (iiemiarthroplasty) and THA (total hip arthroplasty) with Review Manager. 

doi:1 0.1 371/journal.pone.0098071 .g002 



the modular femoral component with a 28 mm head was used in 
three studies, a 32 mm head in two studies and the remained were 
unknown. Dislocation rates for all approaches decrease as femoral 
head size increases from 22 mm to 32 mm [19]. However, of these 
five studies, no significant difference was observed between two 
different sizes of the femoral head and dislocation incidence. The 
reason which might explain this fact is that size 28 mm and 
32 mm are two most commonly used head and any more increase 
in head size will produce a higher wear rate and subsequent 
aseptic loosening rate [26]. Surgical approach has been an 
important factor that influences the stability of hip joint. Woo and 
Morrey et al [25] reported a much higher dislocation rate for the 
posterior approach (5.8%) than that for anterolateral approach 
(2.3%) (p<0.01). In this review, six studies provided the data about 
dislocation. Hedback noticed no occurrence of dislocation in 
patients with anterolateral approach in either group, thus 
confirming that dislocation is not a major problem when an 
anterolateral approach is used [14,21,27,28]. When the postero- 
lateral approach was used, the highest dislocation rate in both 
groups among the six trials was observed (Table 1). However, the 
dislocation rate of THR with a posterior soft tissue repair was 
significantiy lower than that without a posterior soft tissue repair in 
the posterolateral approach [29]. Consequentiy, if posterior 
structures could not be preserved and repaired as much as 
possible, anterolateral approach might be chosen for major 
patients just as recommended by Enocson [27]. 

Erosion and Revision 

Acetabular erosion is a very severe complication of both 
unipolar and bipolar HA (reaching to 36% and 26% of hips, 
respectively) after five years of follow-up postoperatively which 



often leading to revision surgery [30-32]. In younger patients, this 
change would be more frequent because of more activity. 
Acetabular erosion has been considered to be one important 
factor influencing the functional outcome. The majority of the 
patients receiving hemiarthroplasty experienced revision surgery 
which might result from the degeneration of acetabular cartilage 
or erosion of the prosthesis [16,30]. In the hemiarthroplasty group, 
the bipolar prosthesis usually had a better result than the unipolar 
prosthesis [15]. In this study, a bipolar component was used in 
90% of the patients undergoing hemiarthroplasty and a monopo- 
lar component for the other 10% of the patients. Even though, the 
revision rate of HA group appeared to be more than two folds 
higher than that after THR, 78% resulted from erosion in HA 
group. When we linked the data from 12 month to 156 month of 
five inclusive studies, another interesting and obvious finding was 
that compared to HA, THR revealed notable dominance of 
relatively lower increasing rate of revision with the passage of time. 
Patients who had a 'secondary' total hip replacement for a failed 
hemiarthroplasty would feel much better than those who retained 
their hemiarthroplasty (e.g less pain and better functional 
outcome). But they were less likely to restore their independency 
than those who undertook the same procedure initially [17]. 
Possible reasons might be the experience of suffering two surgeries 
at different periods and more complications after the secondary 
surgery. To reduce the rate of erosion, revision and subsequent 
bad functional results, THR should replace HA from the 
beginning in some patients. 

Other measurements 

Blood loss and Transfusion. Patients who underwent THR 
had a slightly higher blood loss than those in HA group (460 vs 
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Figure 3. Statistical analysis of dislocation between HA (hemiarthroplasty) and THA (total hip arthroplasty) with Review Manager. 
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320 ml) in the study of Giannini et al. Hedbeck et al reported a 
smaller proportion of patients who had blood loss over 500 ml in 
the hemiarthroplasty group (64.3% vs. 93.3%). Macaulay et al 
noted that more blood transfusion was needed in THR compared 
to HA (7.7 vs 5.5 unit). However, Cadossi et al recently got an 
opposite result that more patients undertaking THR had blood 
loss of less than 500 ml. Total to say, no advantage in either group 
was observed in this review and more studies providing unified, 
concrete values are needed. 

Surgical time. The mean duration of surgery was a litter 
longer in THR. Vander et al divided surgical time into three 
periods and the results were less than one hour (35.2% vs. 9.5%), 
one to one and a half hour (52.8% vs. 61. 9%), more than one and a 
half hour (12% vs. 28.6%) in the HA and THR group respectively. 
Keating, Macaulay, Giannini observed longer mean surgical time 
in THR group, while Cadossi found a decrease of 5.6 mmutes in 
THR group. An important possible factor explaining this 
difference was that with the development of technique and 
prosthesis, the surgery of THR tended to be more convenient and 
time saving. Of course, individual differences could not be ignored 
too. 

However, we failed to calculate whether there was a significant 
diflFerence between these two groups regarding blood loss and 
surgical time as a result of various value forms. (Table 1) 

Strengths and Limitations of This Analysis 

Meta-analysis is an effective tool for revealing trends that might 
not be apparent in a single study. Pooling the data from difiFerent 
high quahty studies increases the confidence of the findings 
regarding the parameters which were addressed in the included 
studies. The current analysis met the methodological standard 
with no or low heterogeneity. The number of total patients were 
large enough and all participants met the including criteria. AU of 
our evaluations were based on randomized controlled trials, which 
minimize the possibility of recall or selection bias. 

To our knowledge, this review is the most current report on this 
topic. Here, we only included RCTs, the patients were balanced 
distribution between the two groups. This enhanced the credibility 
of our statistical result. Despite these advantages, the limitations 
should be acknowledged separately. Firstly, necessary data were 
not provided in each trial which may lead to less accuracy of the 
final conclusion. Secondly, because the number of studies involved 
in this analysis was relatively small, some of the subgroup analyses 
were not performed (e.g. age, sex and country). Another important 
limitation for generalizing our results was that we could not 
assessed the health-related quality according to some index scores 
like EQ;5D because of limited data. So the results should be 
verified by more centers with a longer foUow-up in further trials. 

Conclusion 

An obvious advantage was found in Harris hip score, revision 
ratewith significant difference for the total hip replacement. Even 
though dislocation rate was a little higher in THR, it could be 
treated with manipulative reduction in most cases. Regarding all 
these results, it could be concluded that total hip replacement 
should be the first choice of treatment in elderly and independent 
patients with fracture of the femoral neck. 
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